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We present preliminary results on the measurement of the I=1/2 Kpi
S-wave through a model independent partial wave analysis of ηc decays
to K0
S
K+pi− and K+K−pi0 produced in two-photon interactions. We also
perform a Dalitz plot analysis of the J/ψ decays to pi+pi−pi0 and K+K−pi0
produced by the initial state radiation process.
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Figure 1: (Left) K0
S
K+pi− and (Right) K+K−pi0 mass spectra in two-photon interac-
tions.
1 Introduction
Charmonium decays can be used to obtain new information on light meson spec-
troscopy. In e+e− interactions, samples of charmonium decays can be obtained using
different processes.
• In two-photon interactions we select events in which the e+ and e− beam parti-
cles are scattered at small angles and remain undetected. Only resonances with
JPC = 0±+, 2±+, 3++, 4±+.... can be produced.
• In the Initial State Radiation (ISR) process, we reconstruct events having a
(mostly undetected) fast forward γISR and only J
PC = 1−− states can be pro-
duced.
2 Study of ηc → KKpi
The BaBar Dalitz plot analysis of the ηc → K
+K−η and ηc → K
+K−pi0 has provided
the unexpected observation of K∗0(1430) → Kη [1]. We also find that the ηc three-
body hadronic decays proceed almost entirely through the intermediate production
of scalar meson resonances.
We study the reactions [2]
γγ → K0
S
K+pi−,
γγ → K+K−pi0
1
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Figure 2: (Left) ηc → K
0
S
K+pi− and (Right) ηc → K
+K−pi0 Dalitz plots.
In the following, details on events reconstruction will be given only for theK0
S
K+pi−
final state. We select events having only four tracks. Since two-photon events balance
the transverse momentum, we require pT , the transverse momentum of the K
0
S
K+pi−
system with respect to the beam axis, to be pT < 0.08 GeV/c. We also define
M2rec ≡ (pe+e− − prec)
2, where pe+e− is the four-momentum of the initial state and
prec is the four-momentum of the K
0
S
K+pi− system and remove ISR events requiring
M2rec > 10 GeV
2/c4. The KKpi mass spectra in the ηc mass regions are shown in
Fig. 1.
The ηc signal regions contain 12849 events with (64.3 ± 0.4)% purity for ηc →
K0
S
K+pi− and 6494 events with (55.2±0.6)% purity for ηc → K
+K−pi0. The Dalitz
plots for the two ηc decay modes are shown in Fig. 2 and are dominated by the
presence of K∗0(1430).
The backgrounds below the ηc signals are estimated from the sidebands. We
observe asymmetric K∗’s in the background to the ηc → K
0
S
K+pi− final state due to
interference between I=1 and I=0 contributions.
3 Dalitz plot analysis of ηc → KKpi
We perform unbinned maximum likelihood fits using the Isobar model [3] and Model
Independent Partial Wave Analysis (MIPWA) [4]. In the MIPWA the Kpi mass
spectrum is divided into 30 equally spaced mass intervals 60 MeV wide and for each
bin we add to the fit two new free parameters, the amplitude and the phase of
the Kpi S-wave (constant inside the bin). We also fix the amplitude to 1.0 and its
phase to pi/2 in an arbitrary interval of the mass spectrum (bin 11 which corresponds
to a mass of 1.42 GeV/c2). The number of additional free parameters is therefore
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Figure 3: (Top) ηc → K
0
S
K+pi− and (Bottom) ηc → K
+K−pi0 Dalitz plots projections.
The superimposed curves are from the fit results. Shaded is contribution from the
interpolated background.
58. Due to isospin conservation in the decays, amplitudes are symmetrized with
respect to the two Kpi decay modes. The K∗2(1420), a0(980), a0(1400), a2(1310),
... contributions are modeled as relativistic Breit-Wigner functions multiplied by the
corresponding angular functions. Backgrounds are fitted separately and interpolated
into the ηc signal regions. The fits improves when an additional high mass a0(1950)→
KK I=1 resonance is included with free parameters in both ηc decay modes. The
weighted average of the two measurement is: m(a0(1950)) = 1931± 14± 22 MeV/c
2,
Γ(a0(1950)) = 271±22±29 MeV. The statistical significances for the a0(1950) effect
(including systematics) are 2.5σ for ηc → K
0
S
K+pi− and 4.0σ for ηc → K
+K−pi0.
The Dalitz plot projections with fit results for ηc → K
0
S
K+pi− and ηc → K
+K−pi0
are shown in Fig. 3. The fitted fractions and phases are given in Table 1. We observe
e vary good fit to the data. We note that the K∗(892) contributions arise entirely
from background. In comparison, the isobar model gives a worse description of the
data, with χ2/Ncells of 457/254=1.82 and 383/233=1.63 respectively fro the two ηc
decay modes. The resulting Kpi S-wave amplitude and phase for the two ηc decay
3
ηc → K0SK
+pi− ηc → K+K−pi0
Amplitude Fraction (%) Phase Fraction (%) Phase
(Kpi S-wave)K 107.3 ± 2.6 ± 17.9 0. 125.5 ± 2.4 ± 4.2 0.
a0(980)pi 0.83 ± 0.46 ± 0.80 1.08 ± 0.18 ± 0.18 0.00 ± 0.03 ± 1.7 .....
a0(1450)pi 0.7 ± 0.2 ± 1.4 2.63 ± 0.13 ± 0.17 1.2 ± 0.4 ± 0.7 2.90 ± 0.12 ± 0.25
a0(1950)pi 3.1 ± 0.4 ± 1.2 −1.04 ± 0.08 ± 0.77 4.4 ± 0.8 ± 0.7 −1.45 ± 0.08 ± 0.27
a2(1320)pi 0.15 ± 0.06 ± 0.08 1.85 ± 0.20 ± 0.23 0.61 ± 0.23 ± 0.3 1.75 ± 0.23 ± 0.42
K∗2 (1430)
0K 4.7 ± 0.9 ± 1.4 4.92 ± 0.05 ± 0.1 3.0 ± 0.8 ± 4.4 5.07 ± 0.09 ± 0.3
Total 116.8 ± 2.8 134.8 ± 2.7
χ2/Ncells 301/254=1.17 283.2/233=1.22
Table 1: Amplitudes and phases from the MIPWA fits to the two ηc decay modes.
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Figure 4: Fitted Kpi S-wave amplitude and phase from MIPWA. Red crosses are for
ηc → K
+K−pi0, black crosses are ηc → K
0
S
K+pi−. The dashed lines indicate the Kη
and Kη′ thresholds.
modes is shown in Fig. 4. We observe a clear K∗0(1430) resonance signal with the
corresponding expected phase motion. At high mass we observe the presence of the
broad K∗0(1950) contribution with good agreement between the two ηc decay modes.
Comparing with LASS [5] and E791 [4] experiments we note that phases before the
Kη′ threshold are similar, as expected from Watson [6] theorem but amplitudes are
very different.
4 Dalitz plot analysis of J/ψ → pi+pi−pi0 and
J/ψ → K+K−pi0
Only a preliminary result exists, to date, on a Dalitz-plot analysis of J/ψ decays
to pi+pi−pi0 [7]. While large samples of J/ψ decays exist, some branching fractions
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Figure 5: (Left) pi+pi−pi0 and (Right) K+K−pi0 mass spectra for ISR events candi-
dates.
remain poorly measured. BES III experiment has performed an angular analysis of
J/ψ → K+K−pi0. The analysis requires the presence of a broad JPC = 1−− state
in the K+K− threshold region, which is interpreted as a multiquark state [8].
We study the following reactions:
e+e− → γISR pi
+pi−pi0, e+e− → γISR K
+K−pi0
where γISR indicate the (undetected) ISR photon. We select events having only two
tracks and one (mass constrained) pi0. We compute M2rec ≡ (pe− + pe+ − ph+ − ph− −
ppi0)
2, where h = pi/K. This quantity should peak near zero for ISR events. We
select events in the ISR region by requiring |M2rec| < 2 GeV
2/c4 and obtain the J/ψ
signals shown in Fig. 5. We fit the mass spectra using the Monte Carlo resolution
functions described by a Crystal Ball+Gaussian functions. We obtain 21974 events
for J/ψ → pi+pi−pi0 with (86.1 ± 1.3)% purity and 2393 for J/ψ → K+K−pi0 with
(87.8 ± 0.7)% purity. The efficiency is mapped and fitted on the (m(h+h−), cosθh)
plane, where θh is the h
+ helicity angle in the J/ψ rest frame. We weight each event
by the inverse of the efficiency and perform background subtraction by assigning
negative weights to events the J/ψ sidebands regions.
We obtain the following preliminary result:
R = B(J/ψ → K
+K−pi0)
B(J/ψ → pi+pi−pi0)
= 0.0929± 0.002± 0.002
The PDG reports B(J/ψ → K+K−pi0) = 55.2±0.12×10−4, based on 25 events, and
B(J/ψ → pi+pi−pi0) = 2.11±0.07×10−2. These values give a ratioR = 0.262±0.057,
which differs from our result by 3σ.
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Figure 6: (Left) J/ψ → pi+pi−pi0 and (Right) J/ψ → K+K−pi0 Dalitz plots.
Final state Isobar fraction % Phase (radians) Veneziano fraction %
ρ(770)pi 119.0 ± 1.1 ± 3.3 0. 120.0 ± 1.9
ρ(1460)pi 16.9 ± 2.0 ± 3.1 3.92 ± 0.05 ± 0.11 1.53 ± 0.13
ρ(1700)pi 0.1 ± 0.1 ± 0.2 1.01 ± 0.35 ± 0.79 0.84 ± 0.08
ρ(2150)pi 0.04 ± 0.05 ± 0.02 1.89 ± 0.30 ± 0.48 2.03 ± 0.17
ρ3(1690)pi 0.09 ± 0.02
Sum 136.0 ± 2.3 ± 4.3 124.5 ± 2.3
χ2/ν 764/552 780/554
Table 2: Results from the Dalitz analysis using the isobar model (Left) and Veneziano
model (Right).
5 J/ψ → pi+pi−pi0 Dalitz plot analysis
The Dalitz plot for J/ψ → pi+pi−pi0 is shown in Fig. 6(Left) and is dominated
by three ρ(770)pi contributions. We perform a Dalitz plot analysis using the isobar
model with amplitudes described by Zemach tensors [9] and the Veneziano model [10].
The pi+pi− and pi±pi0 squared mass projections are shown in Fig. 7 together with the
results from the Dalitz analysis. The Veneziano model deals with trajectories rather
than single resonances. The complexity of the model is related to n, the number
of Regge trajectories included in the fit which requires n=5. Fig. 8(Left) shows
the combinatorial pi helicity angle vs. m(pipi). Fig. 8 also shows the m(pipi) mass
projection for |cosθpi| < 0.2 for the isobar model fit (Center) and Veneziano model
(Right). The helicity cut removes the ρ reflections enhancing the true ρ signals. The
fitted fractions and phases from the Dalitz analyses are summarized in Table 2. The
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Figure 7: (Left) m2(pi+pi−) and (Right) m2(pi±pi0) for J/ψ → pi+pi−pi0. Shaded is
the background interpolated from J/ψ sidebands.
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Figure 8: (Left) Combinatorial pi helicity angle vs. m(pipi). (Center) and (Right)
m(pipi) mass projection for |cosθpi| < 0.2 for the isobar model fit and Veneziano model
in log scale.
Final state fraction % phase
K∗(892)K 87.8 ± 2.0 ± 1.7 0.
ρ(1450)0pi0 11.5 ± 2.1 ± 2.1 -2.81 ± 0.25 ± 0.36
K∗(1410)K 1.7 ± 0.7 ± 1.1 2.89 ± 0.35 ± 0.08
K∗2(1430)K 3.8 ± 1.4 ± 0.5 -2.42 ± 0.22 ± 0.07
ρ(1700)0pi0 0.9 ± 1.0 ± 0.6 1.06 ± 0.20 ± 0.7
Total 105.6 ± 3.4 ± 3.0
χ2/ν = 94/92
Table 3: Results from the J/ψ → K+K−pi0 Dalitz plot analysis.
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Figure 9: Dalitz plot projections with fit results for J/ψ → K+K−pi0. Shaded is
the background interpolated from J/ψ sidebands.
two models give almost similar data representation, but different fractions.
6 J/ψ → K+K−pi0 Dalitz plot analysis
The J/ψ → K+K−pi0 Dalitz plot is shown in Fig. 6 (Right) and evidences clear
K∗+(892) and K∗−(892) bands with a broad structure in the low K+K− mass region.
The results from the Dalitz analysis using the isobar model are given in Table 3.
The J/ψ → K+K−pi0 Dalitz projections, with the results from the fit, are shown
in Fig. 9.
We find the parameters of the low mass K+K− structure in the J/ψ → K+K−pi0
are consistent for being associated to ρ(1450) also observed in J/ψ → pi+pi−pi0.
Combining the two measurements we obtain
B(ρ(1450)0 → K+K−)
B(ρ(1450)0 → pi+pi−)
= 0.190± 0.042± 0.049.
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